Abstract Betanoda virus is an emerging problem in several marine fish species in various geographic areas all over the world. In recent years, mullets stock of the Caspian Sea decreased dramatically and a betanoda virus likeagent was introduced as the cause of mullet's mortality. The main objective of the present study is to compare hemato-biochemical parameters in healthy and infected sharpnose mullets (Liza saliens) to betanoda virus likeagent. The adult sharpnose mullets (34 clinically affected fish ? 34 apparently healthy fish) were captured from the southeast the Caspian Sea from 2012 to 2013. All of the captured fish were 4 or 5 years old. The main clinical sings of infected fish were lethargy, severe abdominal distention, abnormal swimming and hyperinflation of swim bladder. The results showed that the weight and total length of infected fish were significantly lower than the healthy fish. The results of histopatological evaluation and indirect florescent antibody test were confirmed the presence of a betanoda virus-like agent in infected fish. The diseased fish were severely anemic (hypochromic macrocytic anemia) and had a serious haemopoietic disorders. The anemia associated with a sever leukopenia, a significant rise of neutrophils and immature neutrophils and a significant decries of lymphocytes percentage. Total protein, albumin and total immunoglobulin levels were significantly reduced in the serum of infected fish, while the activities of aspartate aminotransferase and alanine aminotransferase significantly increased when compared to the healthy fish. These results suggested that the feeding of the infected fish to betanoda virus like-agent were disturbed and it could be cause haemato-biochemical disorder and mortality of the fish in Iranian water of the Caspian Sea.
Introduction
Mullets have a worldwide distribution and inhabit in tropical and temperate waters and few spend their lives in freshwater [27] . Between 1930 and 1934, three mullets species including golden mullet Liza auratus (Risso), leaping mullet Liza saliens (Risso) and striped mullet Mugil cephalus (L.) were transplanted from Black Sea to the Caspian Sea by the Soviet authorities [7, 14] and just golden and leaping mullets are now common in the Caspian Sea [15, 32] . Mullet feed on periphyton, detritus and small invertebrates; large quantities of soil may also be found in their intestines [3] .
Throughout the years, they were the most important commercial species of Caspian Sea bony fish, but since 2002, the catch of these fish has gone downwards [15, 16] because those species have faced with severe disease outbreaks causing mortality with clinical sings including lethargy, severe abdominal distention, abnormal swimming in vertical position and hyperinflation of swim bladder [42] but no etiological agent has been reported. Later, a Nodavirus was isolated from golden mullets and was introduced as the agent of golden mullet mortality [43, 51] .
Later, the clinical sings previously mentioned in golden grey mullets also were observed in adult leaping mullets [8] and retino-encephalopathy associated with a nodaviruslike agent were reported of this specie [52] .
Viral nervous necrosis (VNN), viral encephalopathy and retinopathy, are some of the most contagious diseases reported in many marine fish species [4, 10, 29] . The causative agent belongs to the genus Betanodavirus, family Nodaviridae [24] . In 1990, the disease was first described in Japanese parrot fish Oplegnathus fasciatus [49] . The main reported clinical sings of VNN are anorexia, abnormal colouration, hyperinflation of swim bladder and a whirling swimming pattern [21] . Although, nodavirus distribution is observed in many organs [28] but the main target organ for nodavirus is the central nervous system (CNS), including the brain, spinal cord and retina [19, 21, 26] . The characteristic lesions of VNN are necrosis and vacualtion of CNS and retina of the affected fish. Therefore, the clinical sings relate to the lesions present in the brain and retina, i.e. there are abnormalities of movement, swim bladder control, sight and colouration [21, 26] . It is notable that an age related susceptibility has been reported to VNN, larval and juvenile stages are more susceptible than adult fish to the disease and mortality rates of up to 100 % have been reported in larvae and juvenile fish., whereas adult fish are more resistance and survive for a longer time after infection [19, 21, 25, 26, 28] .
Haemato-biochemical indices evaluation can be useful in monitoring health, finding anomalies in metabolism, identifying changes in organ function and making prognosis. Analysis of data obtained for individual diseases may provide valuable information on the specific responses in pathophysiological processes of the disease [2, 23, 34, 35, 41, 48] .
For the first time, the present study provides the evaluation of hemato-biochemical disorders associated with nodavirus like-agent in the infected adult leaping mullets compared to the healthy adult leaping mullets.
Materials and methods

Fish sampling
Totally 185 leaping mullets (clinically affected fish ? apparently healthy fish) were captured in the commercial fishing regions of Mazandaran province (north of Iran) from February 2012 to March 2013. Then the fish were transported as alive to laboratory of Caspian Sea Ecology Research Center (CSERC) in which the scales that were collected from the middle of the body behind pectoral fins above the hypothetical lateral line were used for age determination [15] and then 34 clinically affected fish and 34 apparently healthy fish were chosen in 4 and 5 years of age classes for further testing. Then they were transported to 6 fiberglass tank (900 L) filled with seawater (3 tanks for clinically affected fish and 3 tanks for apparently healthy fish). Continuous aeration was provided to each tank through an air stone connected to a central air compressor. The fish were kept in the lab until 24 h after the transfer and sampling was conducted after this period.
Condition factor and blood sampling
Firstly, individual fish was anaesthetized with clove extract (250 lL L -1 ), natural alcoholic extract of Eugenia aromatic, which was developed at CSERC. The total length was measured to millimeter precision and the total weight up to 0.1 g precision. The condition factor (CF) was calculated according to CF = Weight of fish (g)/Length 3 (cm) [6] . Then the blood samples were collected from caudal vein using a 2.5 mL sterile syringe. One half of each blood sample was transferred to a micro tube containing heparin anti-coagulant which was used for hematological examination, while the other half was transferred to non-heparinized micro tube and was placed at room temperature and allowed to clot for 2 h. Sera were separated by centrifugation at 1500 g for 20 min and stored at -20°C until use.
Haematology and biochemical assay
The total red blood cell (RBC: 10 6 mm -3 ) and white blood cell (WBC: 10 3 mm -3 ) were counted manually by haemaocytometry. The haemoglobin level (Hb: g dL -1 ) of blood was analyzed spectrophotometrically at 540 nm by the cyanomethaemoglobin method. Haematocrit (Ht %) was determined by microcentrifuge technique, using standards heparinized microhaematocrit capillary tubes (75 mm at 7000 g for 10 min) [9] . Thin blood smears slides were prepared and stained with Wright-Giemsa. A total of at least 100 leucocytes were counted under a light microscope, and the percentages of leucocyte types were calculated. The haematological indices of mean cell haemoglobin concentration (MCHC: g dL -1 ), mean cell haemoglobin (MCH: pg) and mean cell volume (MCV: fL) were calculated using the total RBC count, Hb concentration and Ht [22] . The sera were used to evaluation of biochemical parameters. Albumin, aspartate aminotransferase (AST) and alanine aminotransferase (ALT) were estimated using commercial kits (Pars Azmoon, Tehran, Iran) and a biochemical auto analyzer instrument (Eurolyser, Belgium) [39] . Serum total immunoglobulin (Ig) levels were determined according to the method described by Siwicki and Anderson [40] .
Histopathology
Brains, optical nerves and eyes from ten infected fish and seven apparently healthy fish were fixed in 10 % bufferedformalin and tissues were processed by routine method (paraffin-imbedded) and sectioned at 5 lm prior to staining with haematoxylin and eosin (H&E) [5] .
Indirect florescent antibody test (IFAT)
Indirect florescent antibody test for detection of nodavirus antigen was performed on selected brain imprints (from 17 infected and 17 healthy fish) using a mouse anti-nodavirus monoclonal antibody (Mab, Aquatic Diagnostic Ltd., Scotland) according to Saksida et al. [38] and Soltani et al. [43] .
Statistical analysis
Data were analyzed using SPSS (Ver. 18) and significant differences between groups were determined by a T test [50] . Mean values were considered significantly different at p \ 0.05. Data are expressed as mean values ± SE.
Results
Pathological changes
Although the fish were similar in age classes (4 and 5 years), the total weight, length of the infected fish were significantly lower than those of the healthy fish (p \ 0.05). However the CF was not shown any significant difference between two groups (p [ 0.05) ( Table 1) . On necropsy no gross lesions were observed except swim bladder enlargement (Fig. 1a, b) . The gastrointestinal tract was completely empty and enlargement of gall bladder was observed (Fig. 1b, c) .
The histopathology revealed vacuolization and neural degeneration of the optical nerve and granular layer of the retina (Fig. 2a, b) typical of nodavirus induced retiopathy, in clinically affected fish. The intensiveness vacuolation of the optical nerve and retina tissues varied among fish. In some cases, the optic nerve showed extensive vacuolation. However the same lesions were found lower in the brain samples.
In IFAT, positive reaction was observed in all slides which were prepared from infected fish (Fig. 3a) but no positive fluorescence reaction was observed in the slides of the healthy fish (Fig. 3b) .
Haematology and biochemical assay
The results of the haematological profiles of the infected fish and those of the apparently healthy fish were presented in Table 1 . Statistical analysis of data showed that the RBC Table 1 . Results of biochemical plasma profile showed that the albumin, TP and total Ig of the infected fish were significantly lower than those of the healthy fish (p \ 0.05). Whereas the ALT and AST activities showed a significant increase in the infected fish compared to the healthy fish.
Discussion
Viral nervous necrosis can be diagnosed, at least presumptively by clinical sings, specific lesions in the brain and/or retina by light microscopy and detection of viral antigens by IFAT [26] . The present disease in the adult sharpnose mullet closely resembles viral nervous necrosis (VNN) in clinical sings, histopathological manifestation and IFAT. The neurotropism of the agent is remarkable but the pattern of vacuolation is different. In several reports, in light microscopy, the most vacuolization have been found in brain and retina [2, 19, 21, 26] but in this study the results of histopathology contains less lesions of brain. A study similar to the present one, were recorded by Munday et al. [25] , Comps et al. [11] and Soltani et al. [43] , however, the reasons are not clear for us.
Although the fish were similar in age classes, the results indicated that the infected fish were shorter and much thinner than the normal fish. However the CF was not shown significant difference between the two groups. Similarly, Johansen et al. [21] compared the growth rate of the infected 1 year Atlantic halibut Hippoglossus hippoglossus (L.) nodavirus and that of the non-infected fish and found that the infected fish had a significantly lower growth rate compared to the non-infected group. These findings suggest that nodavirous infection could influence fish growth.
In this study, the infected fish were so weak, the gastrointestinal system was absolutely empty and without feed remains and the gall bladder was large and filled up with bile. The sings, which likewise, were found in the fish were feed deprivation for long-term [43, 51] .
The leaping mullets have been described as bottom feeder because they feed on periphyton, detritus and small invertebrate [16] . It seems that the infected fish could not feed normally because their swim bladder enlargement and damaged retina prevented them from going into the sea bottom and see the food. During in long term starvation, the fish conserved energy for vital functions which leads to their growth stop and energy gain from proteolysis of muscles [17, 20] . This could describe the difference of the growth rate between the two fish groups.
The haematological results showed that RBC counts, Hct and Hb values of the infected fish are significantly lower than those of the normal fish and they showed a serious anemia. However, their MCV increased and MCHC decreased significantly compared to the healthy fish. On the basis of these results, the anemia is categorized as the hypochromic macrocytic type which was observed in haemopoietic disorders [36, 46] and was not found in viral diseases [35, 41, 48] . Macrocytic hypochromic anemia was seen in long term starved common carp Cyprinus carpio (L.) [44] and it was caused by vitamin B12 deficiency [45] .
The results of this study showed a significant leukopenia which were accompanied by neutrophilia and lymphopenia in the infected fish. It has been shown that in viral and bacterial infections, leukocytosis, lymphocytosis and neutropenia are dominant results in haematologic profiles of the infected fish [23, 48] . Unlikely, the reduction of leukocytes and lymphocytes as well as the increase of neutrophils and myelocyts were seen in long time starvation [45, 46] . Vitamin C and amino acids have important roles on regulation of innate and adaptive immunity [1, 18] . Thus, it seems that the long time malnutrition disturbed the haemopoiesis of these cells and caused incompetency of the fish immunity in the infected group.
The content of TP and albumin significantly decreased in the infected fish. The same results were seen both in the infectious diseases and in the longtime starvation [20, [33] [34] [35] 37] . The reduction of TP and albumin could be the result of amino acids deficiency and/or reduced proteins synthesis due to hepatopathy and renal failure, however, the reasons are not clear for us.
The AST and ALT concentrations in the infected group were significantly higher than the healthy fish. These are the aminotransferases that were distributed in liver and plasma whose levels are low when the animal is healthy but high in case of hepatopathy [30, 31] . To our knowledge, the liver might not be a target organ for nodavirus and it could not cause hepatic failure [19, 26] , therefore, it seems that the rise of ALT and AST in infected group could be attributed to the participation of reactive oxygen species generated by long time starvation in liver which caused liver damage [47] .
In this study, the total Ig levels of the infected group were significantly lower than those of the healthy group. Natural antibodies are found in high levels in the fish serum, where they provide immediate and broad protection against bacterial and viral pathogens, making these factors key components of nonspecific and specific immunity [12] . Teleost mainly produce two forms of Ig including soluble (secreted) and membrane-bound forms. The soluble form is secreted from B cells and is present in blood and other fluids, where it plays a role as an immune effector molecule [13] . Total Ig are reportedly not utilized during starvation, but it is possible that Ig production may be diminished in starved fish [12] . The low levels of total Ig in the infected fish are probably related to the reduction of lymphocytes counts and/or synthesis of proteins.
According to Munday et al. [25] , Arimoto et al. [4] , Grotmoll et al. [19] and Johansen et al. [21] betanoda virus caused an acute disease in larva and juvenile fish but it could cause a chronic disease in adult fish. The results of hemato-bichemical parameters showed that the agent disturbed feeding of the fish. It seems that the swim bladder enlargement and damaged retina were caused by virus agent can disrupt the normal fish feeding. Finally, it would cause that long-term starvation imposed to the fish. It is necessary that future investigation must focus on the study of betanoda virus-like agent identification and pathogenesis, for a better understanding of infection mechanism and pathophysiology of disease.
